Reconstructing 2500 years of land use history on the Kemel Heath (Kemeler Heide), southern Rhenish Massif, Germany by Stolz, Christian et al.
168 E&G / Vol. 61 / No. 2 / 2012 / 168–183 / DOI 10.3285/eg.61.2.05 / © Authors / Creative Commons Attribution License
E&G Quaternary Science Journal Volume 61 / Number 2 / 2012 / 169–183 / DOI 10.3285/eg.61.2.05www.quaternary-science.net 
Reconstructing 2500 years of land use history on the Kemel 
Heath (Kemeler Heide), southern Rhenish Massif, Germany
Christian Stolz, Sebastian Böhnke, Jörg Grunert
















	 Die Rekonstruktion der Landnutzungsgeschichte während der letzten 2500 Jahre auf der Kemeler Heide im südlichen 
Rheinisches Schiefergebirge
Kurzfassung:	 Die	Kemeler	Heide	im	westlichen	Hintertaunus	ist	heute	Teil	des	größten	zusammenhängenden	Waldgebietes	in	Hessen	mit	einer	
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1.1  Open questions
The	Kemel	Heath	(Kemeler Heide;	Fig.	1)	is	a	historic	area	of	
around	60	km²	 in	 the	Lower	Taunus	Mts.	characterized	by	
wide	 spread	 etchplains	 and	 deeply	 incised	 valleys	 at	 their	
edges	(Hüser	1972).	Today,	about	60	%	of	the	former	heath	
area	 is	 forested	 (forest	 area	 of	 the	 community	 of	Heiden-
rod;	Hessisches	Statistisches	Landesamt	2008).	However,	
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The	 special	 aim	of	 this	 study	 is	 to	 create	 a	chronologi-
cal	 order	 of	 these	 remains	 for	 reconstructing	 the	 land-use	
distribution	during	specific	periods	and	for	comparing	this	
with	historical	data:	How	old	are	the	field	balks	and	clear-




















a)	 3	 former	 field	 locations:	 In	 the	 Pfaffenwald	 forest	
(the	term	means	“forest	of	pastors”,	in	the	past	it	was	prob-
ably	 owned	by	 the	church),	 district	 of	Heidenrod-Zorn	 (N	
50°10’8.61”,	 E	 7°55’34.3”);	 in	 the	 Ohren-Forest	 (the	 term	






















e)	The	 sediment	 sequence	of	 the	alluvial	 fan	of	 a	 small	
valley	near	 the	village	of	Kemel,	which	included	a	Roman	
water	well	(N	50.1650°,	E	8.0147°).
2  Regional setting and state of research
2.1  Physical conditions
The	Kemel	Heath	 belongs	 to	 the	 northern	 foreland	 of	 the	
Taunus	 mountain	 range.	The	 altitudes	 range	 from	 350	 to	
540m	a.s.l.	Its	bedrock	consists	almost	exclusively	of	mostly	
clayey	Paleozoic	metamorphs,	which	are	completely	weath-



















Fig. 1:  Regional setting of 
the investigation area. 
Abb. 1:  Lage der Unter-
suchungsgebiete.
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forelands	of	 the	mountain	 ranges,	 the	 tectonic	depressions	
and	the	valleys	of	the	large	rivers,	such	as	the	Rhine	(Born	
1989).	An	exception	is	the	village	of	Kemel.	Its	name	with-
out	a	 suffix,	 respectively	with	 the	 former	 suffix	-aha,	 is	of	
prehistoric	 age	 and	probably	 of	Celtic	 origin	 (Bach	1927).	
The	settlement	was	located	at	the	important	“Hohe	Straße”	
(High Street;	connection	between	the	old	cities	of	Mainz	and	





(6	 km	S	 of	Kemel;	Kubach	 1984).	Basically,	most	 of	 these	
grave	 mounds	 in	 the	 Lower	 Taunus	 are	 located	 along	





for	 this	period	are	 located	 in	 the	Rhine-Main	 lowland,	 the	
Basin	of	Neuwied	and	the	adjacent	early	settled	areas	out-
side	of	the	Taunus	Mts.	
Furthermore,	 the	 Romans	 had	 settled	 in	 the	 region	 be-
tween	10	and	260	AD	and	built	up	the	Upper	German-Rae-
tian	Limes.	Its	western	part	was	probably	constructed	since	































































(Geisthardt	 1957:	 169).	The	melt	 of	 Katzenelnbogen	was	
temporarily	shut	down	around	1810	because	of	the	absence	
of	charcoal	(Herold	1974).	
The	 few	 remaining	 forests	were	 of	 great	 importance	 to	









Already	 in	 the	 beginning	 of	 the	 18th	 century,	 landlords	
tried	to	draw	a	clear	border	between	fields	and	forests	by	the	
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the	 uplands	 in	 Central	 Europe	 (Hildebrandt	 2004;	 Abel	
1976).	While	this	time	the	values	of	beech	pollen	in	the	West-
erwald are	more	than	tripled.	
Concerning	 the	 intensity	 of	 soil	 erosion,	 Becker	 (2011)	
assumed	a	total	rate	of	soil	erosion	since	the	Roman	period	
of	almost	1m,	proven	by	the	depth	of	an	investigated	Limes-











3  Results from other mountain areas
Increased	 soil	 erosion	 in	Central	 Europe	 is	 primarily	 trig-




However,	 the	 sedimentation	 of	 Holocene	 colluvia	 started	
during	quite	different	periods,	just	like	the	temporal	peaks	of	
soil	erosion	and	redeposit	are	varied	(cf.	Leopold	&	Völkel	
2007,	Wunderlich	 2000,	 Dreibrodt	 &	 Bork	 2005,	 Dot-
terweich	et	al.	2003,	Bork	et	al.	1998,	Semmel	1993,	Bibus	
1989).	Including	the	results	of	Holocene	German	river	activ-
ity,	 summarized	 by	Hoffmann	 et	 al.	 (2008),	 the	 sediment	
fluxes	until	2250	BC	are	mainly	coupled	to	climate.	Since	a	









ments	 and	 slope	 colluvia	 could	 be	 proven	 since	Neolithic,	
even	 for	 the	 river	 valleys	 of	 the	Black	Forest.	The	highest	



































areas.	 In	 most	 cases,	 the	 age	 of	 these	 relicts	 is	 quite	 un-
known.	For	some	examples	a	formation	during	High	Middle	
Ages	is	assumed	(cf.	Born	1961;	Scharlau	1961).




leitung (Ad-hoc	AG	Boden	 2005)	 and	 International	 Union	
of	Soil	Sciences	(2006).	Laboratory	analyses	were	conducted	
















it	 is	possible	 to	 indicate	 the	used	and,	 in	consequence,	 the	
availability	of	wood	 species	 in	 the	 surroundings	of	 a	kiln.	




spade	and	a	spatula	 (Fig.	8).	Because	of	 the	 low	sediment-
thickness	 on	 the	 investigated	 kiln	 sites,	 the	 samples	 of	 at	
least	100	charcoal	fragments	were	taken	in	only	two	different	
depths	of	the	Stübbewall	(Fig.	7).	A	further	sample	was	taken	






Kortzfleisch	 2008,	 Ludemann	 2008).	 For	 identification,	
it	 is	 necessary	 to	 look	 at	 the	charcoal	 in	 radial,	 longitudi-




identify	 the	genus	 and	not	 the	precise	 tree	 species	 (Nelle	
&	 Schmidgall	 2003).	 After	 the	 identification	 procedure,	
the	fragments	of	every	genus	were	counted	to	identify	the	
number	of	units	(the	charcoals	were	not	weighted;	therefore,	






ta	Analytics	 (USA).	With	 regard	 to	 these	 results,	 it	 should	
























































































Fig. 2: Longitudinal section through the investigated field balk in the Pfaffenwald forest. 
Abb. 2: Längsprofil durch den untersuchten Ackerrain im Pfaffenwald.
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5.1.1   Deserted fields in Pfaffenwald forest near the 




























Horizon/layer Depth gS mS fS ffS gU mU fU T Skeletoncontent pH 
Loss on 
ignition Color Charcoal 
cm % % % % % % % % % % Munsell mg/L
1 Bw/M (colluvium) 10-30 11,45 6,37 4,43 3,63 18,05 17,46 12,18 26,42 26,73 3,97 3,75 2,5Y-4/4 4,53
1 M (colluvium) 30-83 6,86 6,99 4,97 3,79 19,28 18,53 12,22 27,36 34,28 3,97 2,72 2,5Y-4/4 463,57
1 M (colluvium) 83-100 7,00 7,21 5,32 3,98 18,47 17,78 11,56 28,67 25,52 3,91 2,77 5Y/R-4/6 42,87
2 fBtg 
(upper layer)
100-125 3,80 8,43 6,12 4,07 17,94 16,55 11,59 31,51 9,89 3,88 2,86 5Y/R-4/6 23,40
1 fBtg 
(upper layer)
125-133 6,86 6,79 3,45 3,19 21,07 20,08 11,77 26,79 18,84 3,85 2,39 10YR-4/4 n.a.
3 Cg 
(interm. layer)
133-175 20,87 11,30 3,84 4,74 14,12 11,97 10,27 22,89 55,08 3,85 2,62 10YR-5/6 0,00
3 Cg 
(interm. layer)
175-218 16,67 11,08 4,79 7,61 13,31 12,62 12,79 21,14 51,32 3,79 2,79 10YR-5/6 n.a.
4 C 
(basal layer)
218-244 23,48 14,85 5,05 4,81 10,32 10,87 12,92 17,71 42,14 3,79 2,99 10YR-6/6 n.a.
5 R 
(weathered slates)
244-280 22,17 14,63 5,18 5,52 11,73 11,56 13,81 15,39 62,61 4,04 2,63 10YR-6/4 n.a.




Bw/M M II fBtg, UL II fBtg, UL III Cg, IL III Cg, IL
Depth [cm] 30-83 83-100 100-125 125-133 133-175 175-218
Augite pumice 46 60 59 84 18 1
Epidote/zoisite 3 0 0 0 0 0
Garnet loess 0 1 0 0 1 0
Green hornblende loess 1 0 0 0 0 0
Brown hornblende pumice 127 145 155 121 26 2
Titanite pumice 42 34 32 25 2 0
Zircon 15 12 14 10 5 0
SUM 237 252 260 240 57 7
M = Holocene colluvium, UL = upper layer, IL = intermediate layer, BL = basal layer; analysis: M. Guddat-Seipel, Bad Nauheim.
Tab. 1: Sedimentological data of the field balk profile in the Pfaffenwald forest. 
Tab. 1: Sedimentologische Daten zum Profil innerhalb des Ackerrains im Pfaffenwald. 
Tab. 2: Heavy mineral content of the field balk profile in the Pfaffenwald forest. (M = Holocene colluvium, UL = upper 
layer, IL = intermediate layer, BL = basal layer).
Tab. 2: Schwermineralgehalt des Ackerrain-Profils im Pfaffenwald (M = Kolluvium, UL = Hauptlage, IL = Mittellage, BL = 
Basislage).










was	 dated	 to:	 28–50	 cm,	 cal.	 1210–1280	 AD	 (Beta-294174;	
Fig.	2).	
5.1.2   Deserted fields in the Ohren forest near the village 
 of Niedermeilingen (N 50.1742°, E 7.9458°)












strong	 stagnic	 conditions	and	 iron	 stains.	The	Btg	horizon	
of	a	luvisol	with	visible	clay	films	on	the	soil	aggregates	has	
been	 formed	 in	both	 the	upper	and	 the	 intermediate	 layer	
(clay	 content	 27–29	 %).	The	 colluvium	 consists	 of	 former	
material	of	the	eroded	upper	layer.	Both	layers	are	contain-
ing	typical	heavy	minerals	of	Lake	Laach	pumice	(Tab.	4).	In	










5.1.3   Deserted fields in the Struth forest near the 
 village of Kettenbach (N 50.257°, E 8.065°)
Eighteen	km	away	from	the	two	previously	presented	loca-
tions	 near	Zorn,	we	 investigated	 another	wooded	 area	 at	
the	 rim	of	 the	Kemel	Heath	with	deserted	fields	near	 the	
villages	of	Kettenbach	and	Hausen	über	Aar.	There	are	two	















Fig. 3: The profile of Ohren forest with datings. 
Abb. 3: Das Profil in der Waldabteilung Ohren mit Datierungen.
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ferent	types	(Fagus sylvatica,	Quercus spec.	and	Betula pen-
dula;	Fig.	9)	but	in	several	compositions.	Five	charcoals	were	
radiocarbon	dated.	
5.2.1  Dating and determination of tree species
The	 first	 investigated	 kiln	 site	 (N	 50.167°,	 E	 7.919°;	 430	m	
a.s.l.)	is	actually	located	on	the	low	inclined,	NNW	exposed	
slope	of	a	small	valley	in	a	nearly	pure,	old	beech	forest	(Gal-
io odorati Fagetum; cf.	Ellenberg	1996,	Ludemann	&	Nelle	
2002).	The	investigated	one	belongs	to	a	group	of	4	kiln	sites	






to	 the	open	fields.	 It	 is	 furthermore	noticeable	 in	 this	 for-
est	that	there	are	several	former	field	balks	around	the	kiln	






Horizon/layer Depth gS mS fS ffS gU mU fU T Skeletoncontent pH 
Loss on 
ignition Colour Charcoal 
cm % % % % % % % % % % Munsell mg/L
1 Bw/M 





(colluvium) 30-83 6,73 6,29 4,85 3,67 20,96 18,21 12,34 26,96 18,46 3,97 3,04 10YR-5/6 369,93
2 fBwtg 
(upper layer) 83-100 10,46 5,76 4,36 3,48 18,14 19,28 12,70 25,82 24,12 3,94 3,23 10YR-5/8 0,00
3 fBtg
(interm. layer) 100-125 12,66 5,49 1,88 2,60 22,05 17,98 10,30 27,04 32,18 3,76 2,79 10YR-6/4 n.a.
3 fBtg
(interm. layer) 125-133 7,79 5,21 1,86 2,71 26,11 17,26 9,58 29,47 15,55 3,77 2,56 10YR-5/6  0,00
4 C
(basal layer) 133-175 19,41 9,02 4,14 8,24 16,76 13,44 11,75 17,25 2,30 3,66 2,13 10YR-4/6 n.a.
5 R 
(weathered slates) 175-218 37,04 16,21 5,35 6,38 11,01 6,44 4,69 12,89 71,97 3,81 2,64 10YR-4/4 n.a.
5 R 
(weathered slates) 218-244 37,11 18,00 5,69 6,97 9,19 7,06 5,31 10,69 72,21 3,70 3,16 10YR-2/1 n.a.
M = Holocene colluvium, gS = course sand, mS = middle sand, fS = fine sand, ffS = finest sand, gU = course silt, mU = middle silt, fU = fine silt, T 
= clay




Depth [cm] 31-50 50-71 71-100 100-115
Augite pumice 77 88 38 4
Epidote/zoisite 0 1 4 12
Garnet loess 0 0 1 2
Green hornblende loess
0 1 2 4
Brown hornblende pumice
130 159 75 8
Titanite pumice 49 50 16 1
Zircon 12 18 8 4
SUM 268 317 144 35
M = Holocene colluvium, UL = upper layer, IL = intermediate layer, BL = basal layer; 
analysis: M. Guddat-Seipel, Bad Nauheim.
Table 3: Sedimentological data of the field balk-profile in Ohren forest.
Tab. 3: Sedimentologische Daten zum Profil innerhalb des Ackerberges in der Waldabteilung Ohren.
Tab. 4: Heavy mineral content of the field balk profile in Ohren 
forest. (M = Holocene colluvium, UL = upper layer, IL = inter-
mediate layer, BL = basal layer).
Tab. 4: Schwermineralgehalt des Ackerrain-Profils im Pfaffen-
wald (M = Kolluvium, UL = Hauptlage, IL = Mittellage, BL = 
Basislage).
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indicative	 of	 the	Early	Modern	Period:	 cal.	 1712–1906	AD	
(Fagus sylvatica,	 Poz-36326),	 cal.	 1654–1794	 AD	 (Quercus 
spec.,	 Poz-36322)	 and	 cal.	 1476–1604	 AD	 (Fagus sylvatica,	
Poz-36321).	 However,	 the	 dated	 samples	were	 not	 layered	













larger.	Eventually,	 the	origin	 area	of	 the	used	wood	 could	
have	been	much	larger,	too.
The	spectra	of	species	in	the	sampling	depths	of	0–13	cm	
Fig. 4: Model of former field balks on a slope and an earthwork of soil material and gathered stones (Ackerberg) on a flat location under forest. 
Abb. 4: Modell eines ehemaligen Ackerrains und eines Ackerberges, bestehend aus Bodenmaterial und Lesesteinen, in Hanglage.
Fig. 5: Map section of the Zorn district with former field balks and charcoal kiln sites in forest. 
Abb. 5: Kartenausschnitt der Gemarkung Zorn mit Ackerrainen und Meilerplätzen unter Wald.
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Fig. 5: Map section of the Zorn district with former field balks and charcoal kiln sites in forest. 
Abb. 5: Kartenausschnitt der Gemarkung Zorn mit Ackerrainen und Meilerplätzen unter Wald.
and	13–25	cm	of	the	Stübbewall were	different	(Fig.	8).	The	




predominant	 species	 (47%)	 in	 this	 layer.	Although	 the	kiln	












5.3   The medieval refuge castle of Zorn with a 
 neighboring slag heap





coal	was	 eliminated,	which	was	dated	 to	 cal.	 900–970	AD	
(Poz-36343).	









5.4   Calculation of sedimentation rates of a small 




beams.	 It	was	 located	close	 to	 the	 former	Roman	castle	of	
Kemel	and,	geomorphologically,	on	a	small	and	flat	alluvial	
fan,	 respectively	 a	 colluvial	 depression	 filling	 in	 the	 non-
perennial	upper	course	of	 the	Aulbach	and	Wisper	stream.	
The	side	walls	of	 the	well	were	supported	by	several	sedi-
ment	 covered	 oak-wooden	 beams,	which	were	 dated	 den-
drochronologically	 to	 215	 AD	 (information	 given	 by	 the	
Hessian	Office	of	Monument	Preservation).	

















Allerød	 Interstadial	 (cf.	 Stolz	 &	 Grunert	 2006,	 Semmel	
2002).	




Fig. 6: Field balk in Struth forest, probably generated during Iron Age and later. For the parts of the profile marked with question marks there is no de-
tailed information.
Abb. 6: Ein Ackerrain in der Waldabteilung Struth. Er geht vermutlich auf die Eisenzeit zurück. Für die mit Fragezeichen gekennzeichneten Profilbereiche 
liegen keine detaillierten Informationen vor.




ties	of	 this	analysis	 concerning	a	 subsequent	displacement	
























the	 field	 balk-profile	 in	 the	 Pfaffenwald	 forest,	which	was	




ied	 by	 the	 sediment.	 However,	 a	 vertical	 displacement	 by	
bioturbation	could	be	also	plausible.	To	clarify	this,	we	ad-
ditively	 used	 one	 OSL	 dating	 which	 confirmed	 the	 other	
































Fig. 7: Scheme of a charcoal kiln site 
in hillside location with loam pit.  
Abb. 7: Schema eines Hangmeiler-
platzes mit Lehmgrube zur Entnahme 
der Stübbe, mit der der Meiler 
verkleidet wird.
Fig. 8: Sampling of a charcoal kiln site in different 
layers. 
Abb. 8: Die Beprobung eines Hangmeilerplatzes 
(Stübbewall) in verschiedenen Tiefen.
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14C-datings.	Additionally,	a	piece	of	charcoal	from	the	field	
terrace	 above	 the	 balk	 (28–50	 cm	 deep)	was	 dated	 to	 cal.	
1210–1280	AD	(Beta-294174).	Unfortunately,	archaeological	




Periods.	 In	 consequence,	 at	 these	 locations	 the	 agriculture	
began	 before	 the	 arrival	 of	 the	Romans	 (OSL:	 340	BC-120	
AD).	Thus,	 the	 agriculture	 started	 during	 the	 Iron	 Age	 is	
proven	for	one	location	and	it	is	likely	so	for	the	other	two	
locations.	 In	addition,	based	on	the	datings	of	Pfaffenwald	






















(luvisol)	within	 the	 colluvium,	 a	 resting	 phase	 since	High	
Middle	Ages	seems	plausible	(Fig.	2).
6.2  Charcoal burning
In	 the	 forests	 of	 the	 Zorn	 district	 (374ha),	 we	 found	 and	
mapped	only	40	kiln	sites	(0.11	sites/ha). In	a	forest	15	km	
















The	 tree	 spectrum	 of	 the	 second	 investigated	 kiln	 site	
(Reißbrühl	forest)	 taken	from	the	lower	layer	of	the	 	char-
coal	containing	sediment	is	dominated	by	Quercus spec.	and	























Fig. 9: Spectra of tree species at depths of 0–13 cm and 13–25 cm (kiln site 2). 
Abb. 9: Baumartenspektrum in 0–13 und in 13–25 cm Tiefe (Meilerplatz 2).
Fig. 10: Sedimentation rates in a small valley filling near Kemel.
Abb. 10: Unterschiedliche Sedimentationsraten im verfüllten Unterlauf 
eines Tälchens bei Kemel. 
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tree	species	(Ludemann	&	Nelle	2002).	The	species	are	an	
indication	 for	 a	 bright,	 cleared	 forest	with	 a	 high	 content	










deciduous	 trees	 (Ellenberg	 et	 al.	 1991),	 however	 with	 a	
wider	ecological	range.	
An	 eventual	 wood	 selection	 by	 the	 charcoal	 burners	




6.3  Refuge castle and iron smelting
The	refuge	castle	of	Zorn,	the	neighboring	slag	heap	and	a	
further	 slag	heap	 in	 the	Rödelbach	valley	originate	almost	
simultaneously	from	the	High	Middle	Ages	(10th	to	12th	cen-
tury	AD).	Based	on	these	findings,	we	also	have	to	assume	











of	 the	 refuge	 castle	 has	 to	 be	 regarded	 as	 an	 approximate	
value	for	a	possible	real	age	of	the	refuge	castle	As	the	char-




OSL age [a BC/AD]












































































































Tab. 5: 14C and OSL datings of this study. 
Tab. 5: Aufstellung der in der vorliegenden Studie enthaltnen 14C- und OSL-Datierungen.




6.4  Sediment sequences of the alluvial fan of Kemel
Within	 the	alluvial	 fan	profile	of	Kemel	we	calculated	 the	
highest	 sedimentation	 rate	 for	 the	High	Middle	Ages,	 too.	
Direct	climatic	 influences	as	a	triggering	factor	are	unlike-





























during	 the	Early	Modern	Period.	 In	 the	 remaining	cleared	
forests,	charcoal	 burning	was	widespread,	 especially	 from	
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